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Summary
Cerebrospinal fluid (CSF) can be obtained routinely from the common marmoset (Callithrix jacchus) by suboccipital puncture. One field of research in which this method is applied is the detection of changes in the biogenic amine metabolism in CSF. The puncture technique is simple and rapid and does not injure the experimental animal.
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Simian primates are of increasing interest in experimental pharmacology because the structure and function of their brain is closely related to that of man. Thus certain drugs such as the neurotoxic N-methyl-4-phenyl-1,2,3,6tetrahydropyridine, which produces a Parkinson syndrome in man by selective destruction of nigrostriatal pathways, produce a comparable effect only in monkey brains and not in the brains of any other animal species (Burns et al., 1983) .
The common marmoset is one of the most primitive simian primates and is distinguished by a number of features which are of advantage compared with larger species and make it particularly suitable for neuropharmacological studies. The marmoset is relatively cheap to purchase, matures rapidly and has a high rate of reproduction (Perkins & O'Donoghue, 1975; Gengozian & Deinhardt, 1977) . The suboccipital collection of cerebrospinal fluid (CSF) is a simple and rapid procedure which facilitates the study of changes in the composItIOn of CSF during, for example, pharmacological experiments and enables comparisons to be made with the human situation in which CSF analyses are particularly important in neurological diagnosis.
Materials and methods
The punctures were carried out on two male and two female marmosets (Callithrix jacchus) between 2 and 5 years old and weighing 290-470 g. The animals were housed in individual cages. The room temperature was maintained at about 26°C and humidity was kept above 50%. The room was lit for 12 h each day and the base diet was Altromin monkey chow (Affen Zuchtdii:it 6014: Altromin Inter-. national, Lage). The animals were anaesthetized with an intramuscular injection of 5 mg ketamine hydrochloride (Ketavet® 100 mg/ml: Parke Davis, Munich) and 1·0 mg 5,5-dihydro-2-(2,6-xylidino )-4H-l ,3-thiazine (Rompun® 2%: Bayer AG, Leverkusen) in the thigh. After 10 min the animals were pain free and relaxed.
After removal of neck hairs and thorough disinfection (Kodan® Tinktur forte:
the head of the marmoset was held with three fingers of one hand so that the weight was taken off the spine and the head was bent forwards (Fig. 1 ). The cannula (outside diameter, 0·5 mm; length, 14 mm) from a disposable scalp vein set (Venofix® scalp vein set 0·5-G25: Braun AG, Melsungen) was used to pierce the neck skin medially 8 mm distal to the protuberantia occipitalis externa. The cannula was then guided steeply upwards through the neck muscles to the os occipitale of the skull and then along the bone to the membrana atlanta-occipitalis posterior (Fig. 2) . The needle had to overcome a distinct resistance to pierce this membrane. The tip of the cannula was then in the cisterna cerebellomedularis (cisterna magna) and the CSF ran clear into the tube of the disposable scalp vein set ( Fig. 3) . Blood contamination was observed only if the punctuation was performed paramedially.
A 1 ml syringe and gentle suction was used to collect a volume of 0·1 ml per puncture. This procedure was repeated every third day during GeretschHiger, Russ, Mihatsch & Przuntek a period of 4 weeks with no adverse p~ysical effects attributable to puncture and without any signs of infectious meningitis. In no case was xanthochromic CSF obtained which would have indicated bleeding into the cisterna during an earlier puncture.
To check the position of the cannula 0·1 ml contrast medium (Solutrast® 250 M intrathekal: Byk Gulden GmbH, Konstanz) was injected into one animal through the cannula immediately after collection of CSF and an X-ray exposure was taken (Fig. 4) . Compared with the control (Fig. 5) , an enrichment of contrast medium was observed in the region of the subarachnoid space around the cerebellum and the brain stem and into the canalis vertebralis.
The CSF obtained in this way can be subjected to cytological and biochemical analysis. In our case high pressure liquid chromatography (HPLC) was applied to determine the levels of 5-hydroxyphenylacetic acid (5-HIAA), 3-methoxy-4-hydroxyphenylethylene glycol (MHPG), homovanillic acid (HVA) and 3,4-dihydroxyphenylacetic acid (DOPAC), the metabolites of the neurotransmitters serotonin, norepinephrine and dopamine in the brain (Wagner et at., 1982) . For this purpose CSF samples were centrifuged (9000g for 2 min) and supernatants were injected directly into the HPLC system.
Results
The repeated collection of relatively large amounts of CSF at intervals of 3 days does not lead to a significant change in the concentrations of the metabolites of biogenic amines (Fig. 6) . The following mean levels were calculated from the results of 40 punctures (Table 1) .
Puncture fluid which contains even trace amounts of blood must be rejected as it yields fundamentally different results. The general condition of the animals must be checked by keeping a record of their body weights. Weight loss observed at the beginning of this experiment because of the increased stress (Fig. 6 ) was compensated by substituting fresh fruit Fig. 3 . Sagittal frozen section through the head and neck of the marmoset with the puncture cannula in place. The tip of the cannula is located in the cisterna cerebellomedularis. which is markedly reduced in size in the photograph because of post-mortem brain oedema.
"Mean ± standard error of the mean. Fig. 5 . Lateral X-ray exposure of the marmoset skull. Fig. 4 . X-ray exposure taken under the same conditions as Fig. 5 after injection of 0·1 ml X-ray contrast medium through the puncture cannula. The puncture point in the subarachnoid space lies between the os occipitale and the atlas. The contrast medium produces an opacity in the region of the cerebellum and the brain stem and into the canalis vertebralis. and preparations for paediatric nutntlOn (Alete®: Societe des Produits Nestle SA, Vevey, Switzerland) for dried food. MHPG DOPAC 5-HIAA HVA Table 1 Concentration
Discussion
The suboccipital puncture technique is simple and rapid. Unless a continuous collection of CSF is required, suboccipital puncture can be used instead of an indwelling intraventricular cannula. The problems of an indwelling cannula such as the complicated technicalities of the implantation operation, blockage of the cannula after a few days, loosening of the attachment to the skull cap and the presence of a chronic source of infection are avoided.
For the pharmacodynamic investigations mentioned earlier, it is recommended that a 2 week stabilization phase should precede an experiment so that the animals can become accustomed to the altered stress situation and the narcosis rhythm. Applications for the technique described include pharmacological investigations of the permeability of the blood-CSF barrier and experiments in which intrathecal application of particular drugs is required. 
